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Introduction
Commercial banks are institutions that mainly engage in two distinct types of lending and deposit-taking activities, and provide liquidity and risk transformation functions with which they generate income. The bank interest margin, i.e., the spread between the loan rate and the deposit rate, is one of the principal elements of bank cash flows and after-tax income (Wong 2011) , and is often used as a proxy for the efficiency of financial intermediation (Saunders and Schumacher 2000) . The topic of bank interest margin has recently attracted great attention since banks in many countries have experienced a gradual decline in interest margins over the past decades due to global financial deregulation (Arnold and van Ewijk 2012) . Considerable research effort has been put toward explaining 1 For papers that explain deteriorating bank interest margins, see for instance, Valverde and Fernández (2007) , and Lepetit et al. (2008) , among others. Adrian and Ashcraft (2012) demonstrate that credit intermediation on the balance sheets of commercial banks does not constitute shadow banking activities. However, commercial banks can be involved in shadow banking activities since they can provide credit and liquidity lines to shadow bank entities through a conduit system. Commercial banks in turn are owned by bank holding companies. The bank we analyze in this paper can be simply viewed as an institution of a bank holding company.
banking, in some form or another, is expected to be an important part of the financial system for the foreseeable future (Pozsar et al. 2013) . Hence, from a policy standpoint, it is interesting to ask whether the bank benefits or gets hurt from multiple shadow banking diversification of its asset portfolio.
Toward that end, this paper takes the model of Episcopos (2008) as its point of departure. The main contribution is twofold. First, Episcopos (2008) proposes a new methodology for bank capital regulation based on the barrier option framework of Brockman and Turtle (2003) . Second, the model of Episcopos (2008) is one of the first to take the credit risk of the insurer into account in the economic valuation of bank liabilities. However, the model omits two key aspects of the behavior of financial intermediation. First, the shadow-banking activities conducted by the bank is ignored. As argued by Adrian and Ashcraft (2012) , regulatory reforms remain thus far largely silent on many aspects of shadow banking. Second, Episcopos (2008) assumes that the loan market faced by the bank is perfectly competitive so that quantity-setting is the relevant behavioral model in the market. The assumption is not applicable to the loan market since such a market is highly concentrated where intermediaries set rates and face random loan levels (Li and Lin 2016) . The authors aim to encompass those two omissions and reintroduce the elements of shadow banking products and bank spread behavior (loan rate-setting behavior) to the model of Episcopos (2008) . This extension opens for a wide range of interesting analyses in relation to the issues of bank interest margin determination, bank liabilities, and multiple shadow banking activities.
Capital regulation and deposit insurance are two key bank regulation issues that concern bank managers and regulators. Berger and Bouwman (2013) demonstrate that public outcries for more bank capital tend to be greater after financial crises, and post-crisis reform proposals tend to focus on how capital regulation should adapt to prevent future crises. 3 Iftikhar (2015) finds empirical evidence that financial reforms and financial liberalization significantly enhance the likelihood of financial fragility, while strong banking regulations and supervision have an inverse relationship with financial fragility. Plantin (2015) further studies the optimal capital regulation of banks in the presence of a shadow banking sector. In addition, banking is an ideal environment for the barrier option model because the Federal Deposit Insurance Corporation (FDIC), as a regulator and insurer, can control the barrier in a very direct manner by the power vested in it by the FDIC Improvement Act (FDICIA) (Episcopos 2008) . As an insurer, the FDIC maintains the deposit insurance fund and is responsible for controlling risk to the fund. As a receiver, the FDIC has a fiduciary obligation to all stakeholders of the failing bank.
In light of previous work, the purpose of this paper is to develop a contingent claim model to evaluate a bank's equity and liabilities that integrates the premature default risk conditions with loan rate-setting behavioral mode and multiple shadow banking activities under capital regulation. 4 The results of all these analyses can be summarized as follows. First, we show that the optimal bank interest margin reacts negatively to an increase in WMPs, an increase in ELs, or an increase in the capital-to-deposits ratio, but a decrease in barrier. Our theory proposes an alternative explanation, focusing on shadow banking activities of WMPs and ELs, for the decline in bank interest margin in the recent literature. Shadow banking activities as such make the bank less prudent and more prone to loan risk-taking, thereby adversely affecting banking stability. Second, we also find that an increase 3 The recent financial crisis has underlined the importance of analyzing the link between bank equity capital and financial stability. Berger and Bouwman (2013) find that capital enhances the performance of medium and large banks primarily during banking crises. Several related papers, for example, Kashyap et al. (2008) , Acharya et al. (2012) , and Hart and Zingales (2011) document that social efficiency can be improved by requiring banks to operate with more capital, especially during financial crises. However, literature has pointed out some negative consequences of more capital (e.g., Aiyar et al. 2014; Jiménez et al. 2017; Osborne et al. 2012 ).
4
Our model is fundamentally based on Merton (1974) contingent-claim approach to financial intermediaries. We adopt the option pricing framework along the lines of Ronn and Verma (1986) , Brockman and Turtle (2003) , and Episcopos (2008) for the valuation of the equity return and the equity risk of a bank (our model and the relevant literature are based on a similar modeling approach from Merton (1974) . The barrier option theory of corporate security valuation is applied to the contingent claims of the bank (Episcopos 2008) ; the work of Ronn and Verma (1986) with an application of Episcopos (2008) is used to value the bank's equity risk, and the framework of Brockman and Turtle (2003) is utilized to model the default risk in the bank's equity return.
Int. J. Financial Stud. 2018, 6, 63 4 of 20 in WMPs, ELs, barrier, or the capital-to-deposits ratio has a positive effect on the bank's liabilities. Third, it is shown that multiple shadow banking diversification efforts may be guaranteed to produce superior return performance but less safety for the bank. Tightening capital requirements may spur a surge in the shadow banking activities of WMPs and ELs that lead to larger risk-taking and liabilities for the bank. Shadow banking involvement as such may be a threat of contagion in the banking system of the economy. Our argument provides an alternative explanation for the collapsed shadow banking during the financial crisis of 2007 -2009 (Adrian and Ashcraft 2012 . As a result, we suggest that the government should directly regulate shadow credit intermediation because of the potential for shadow bank distress to spill over to other financial institutions and damage the real economy.
This paper is organized as follows. Section 2 illustrates the related literature. Section 3 delineates a contingent claim to the market valuation of a bank's equity, liabilities, and scope equities. Section 4 derives the optimal bank interest margin and further some comparative static results. Section 5 presents a numerical analysis to explain the intuition of the comparative static results. The final section concludes the paper.
Related Literature
Our theory of shadow banking activities is related to three strands of the literature. As mentioned in the Introduction, with global financial deregulation and the increase in disintermediation, banks faced high competition and then suffered a tremendous decrease in interest margins and profitability on traditional intermediation activities. Our paper is related to the literature on the explanation of lower interest margins. Examples include Valverde and Fernández (2007) ; Lepetit et al. (2008) ; Arnold and van Ewijk (2012) and Rahman et al. (2017) . Valverde and Fernández (2007) argue that most literature on bank margins has primarily focused on interest margins; however, interest margins are only a part of the picture due to the increasing share of non-traditional activities in total bank incomes. The authors develop a multiple-out framework and demonstrate that the relationship between bank interest margins and market power varies significantly across bank specialization. Lepetit et al. (2008) argue that banks reacted to the financially competitive environment by diversifying into new activities, which reallocated their income structure by reducing the importance of their traditional banking activities. The authors study the impact on the lending rate of the expansion of financial intermediaries beyond traditional banking activities of deposit funded loans and towards non-interest-income activities. One of their findings is that higher income share from commissions and fees is associated with lower margins and loans spreads. Arnold and van Ewijk (2012) investigate a chain of causality, which runs from bank competition to low interest margins to new banking activities. They propose a "quest-for-growth" explanation for the decline in bank interest margins in many developed countries, which better fits the empirical evidence on bank behavior in the run-up to the credit crisis. In particular, the authors document a significantly positive impact of relationship banking on bank interest margins. Rahman et al. (2017) find robust evidence that more efficient banks hold higher capital and charge lower financial intermediation costs (and hence lower bank margins). The authors also observe that on average, banks increased the cost of financial intermediation during the crisis, however, greater efficiency helped banks to not charge higher intermediation costs. Overall, the main contribution of these papers is alternative explanations for the decline in bank interest margins. However, their studies focus only on traditional balance-sheet banking activities, and ignores shadow banking activities, which have also played a prominent role in discussions on intermediary behavior (Plantin 2015) . While we also examine bank interest margin, our focus on the aspects of shadow banking activities takes our analysis in a different direction.
Shadow banking literature to our work is most directly related is that on conformity. Examples are Mandel et al. (2012); Copeland (2012) ; Bord and Santos (2012) ; Plantin (2015) and Li and Lin (2016) . Mandel et al. (2012) develop a detailed analysis of commercial banks' sponsorships of shadow banking activities. Copeland (2012) concludes that the shadow banking activities of bank holding companies have been increasing over time and represent a significant share of their total earnings. Bord and Santos (2012) point out that the share of loans sold to shadow banking activities has increased significantly-from less than 10% in 1993 to over 30% in 2007 . Plantin (2015 supports the argument that the large growth of shadow banking activities has been driven by tightening capital regulation. Li and Lin (2016) suggest that relaxing capital requirements may lead to superior performance and greater safety for the bank carrying on shadow banking activities. The fundamental insight shared by these papers is that conformity is generated by a desire to distinguish oneself from the shadow banking type, with which one wishes not to be identified. In this paper, we follow Adrian and Ashcraft (2012) and consider a shadow bank internal to the bank holding company (the bank in the paper as mentioned previously) that owns a wealth management unit with a market mutual fund. What distinguishes our work from this literature is our focus on the commingling of multiple shadow banking activities with bank interest margin management, and, in particular, the emphasis we put on the interaction between bank spread behavior and shadow banking activities under capital regulation.
In the face of the costs that the 2008 banking crisis has created for the world economy, reform proposals tend to focus on how capital regulation should adapt to prevent future crisis (Kashyap et al. 2008; Acharya et al. 2012; Hart and Zingales 2011) . However, these regulatory reforms remain thus far largely silent on many aspects of shadow banking (Gorton and Metrick 2010; Adrian and Ashcraft 2012; Lu et al. 2015) . Plantin (2015) shows that tightening capital requirements may increase shadow banking activities that lead to an overall larger risk on the money-like liabilities of the regular and shadow banking institution. Li and Lin (2016) study bank interest margin when the bank conducts regular lending and shadow-banking entrusted lending activities under capital regulation. The authors find that relaxing regulatory capital requirements may produce superior return performance and greater safety for the bank carrying on shadow-banking entrusted loans. Although the paper also focuses on capital regulation, the primary difference between our model and these papers is that we consider the effects of capital regulation on bank interest margin in the multiple shadow banking activities environment.
The Model
This section mainly consists of three parts. The first part reviews the basic model of Episcopos (2008) succinctly, and more importantly, loan rate-setting features are introduced to describe the effect of the different shadow banking activities on the optimal bank interest margin. The second part focuses on the valuation of the bank's liabilities. The last part models a measure of the magnitude of scope equities to evaluate the efficiency of multiple shadow banking activities.
Bank Equity
In order to get closed-form, tractable solutions, several simplifying assumptions will be made throughout the paper. (i) Assume that investors and regulators have risk-neutral preferences toward risk. Our equity development based on risk-natural preferences has important repercussions for bank interest margin determination. (ii) Competitive markets are assumed for regular and shadow banking assets, except that the loan market faced by the bank is imperfectly competitive. This assumption implies that the bank exercises some monopoly power in its loan market (Wong 1997; Li and Lin 2016) . 5 Financial markets are assumed to be complete in the sense that any financial claim can be replicated in the market place by a combination of other financial assets. Based on this assumption, market determined values for financial claims on the bank's asset portfolio can be derived. (iii) The regulation period is assumed to be fixed. For example, if the FDIC seizes the assets of a bank, it will continue to manage them at least until the end of the regulation period. (iv) It is assumed that the FDIC 5 Wong (1997) and Li and Lin (2016) assume a presentative banking firm with optimization behaviors. The bank has some market power in its lending activities. When the bank makes a loan to a firm, it gathers the firm's specific information to assess the riskiness of the loan and determine the loan rate. The details of what potentially derive loan demand, in particular, the non-price factors, are not crucial for our research purposes, so this simple reduced form is sufficient. monitors the bank continuously, with no error and at no cost. There are no bankruptcy costs as well. The assumption of no insurance premium is made in order to isolate the value of early intervention by the regulators (Episcopos 2008 ).
In the model, we consider that the bank makes decisions in a single period horizon with two dates, 0 and 1, t ∈ [0, 1]. At t = 0, the bank has the following balance sheet in its regular banking activities:
where L > 0 is the amount of loans, B > 0 is the quantity of liquid assets, such as bonds, D > 0 is the amount of deposits, and K > 0 is the stock of capital equity. In the balance-sheet banking activities, the bank's loans belong to a single homogenous class of fixed-rate claims that mature at t = 1. 6 The demand for loans faced by the bank is governed by a demand function L(R L ) with the condition of ∂L/∂R L < 0, where R L > 0 is the loan rate set by the bank. Loans are risky in that they are subject to non-performance because the bank faces credit risk and does not know ex ante what proportion of its loan repayments will perform. The liquid assets held by the bank during the period can earn the security-market interest rate of R > 0. The balance-sheet assets at t = 0 are financed partly by deposits. The supply of deposits faced by the bank is perfectly elastic at a deposit market rate of R D > 0. Equity capital held by the bank is tied by regulation to be a fixed proportion q of the bank's deposits, K ≥ qD (VanHoose 2007). When the capital constraint is binding, the bank's balance sheet of (1) can be rewritten as L + B = K(1/q + 1). This is a binding case where R is sufficiently larger than R D (Wong 1997) , implying that the bank would like to rely on deposits rather than on equity capital to finance assets. Our model focuses on the case. The shadow banking system, the shadow credit intermediation process, is largely organized around securitization and wholesale funding. Loans and mortgages are securitized and thus become tradable products. Funding is conducted in capital markets through instruments such as commercial paper and repos. Savers hold money market balances instead of deposits with banks (Pozsar et al. 2013) . In addition to balance-sheet banking activities, the bank can also create WMPs by offering investors the chance to pony up short-term money against a single loan. 7 We assume that the bank carries the amount of WMPs, M ≥ 0, during the period, and can earn the market interest rate of WMPs, R M > 0. The bank cannot invest funds in non-standard assets that exceed 0 < α < 1 of the value of its outstanding of WMPs by regulation (Lu et al. 2015) . The bank can hold the rest of the funds (1 − α)M to earn the security-market interest rate of R in order to capture the opportunity cost of the funds during the period. We assume the condition of R M > R since the bank as an investor bears the investment risk of αM without an explicit guarantee legally. The bank is also assumed to conduct shadow-banking ELs. There are entrusted loans Q ≥ 0 made by a firm (trustor) in the non-financial economy that is run through the bank (trustee) for legal reasons, but with the bank indemnified from the credit risk of the borrower by the trustor (Elliott et al. 2015) . The fund is lent through the bank to the borrower at a specified interest rate R Q > 0 as instructed by the trustor.
The bank can be involved in shadow banking activities by the way of internal management (Adrian and Ashcraft 2012) . 8 The total assets to be financed at t = 0 are L + B + αM + Q. In addition 6 The bank accepts deposits and chooses the amount of the loans at the beginning of the period t = 0. We adopt the barrier option framework of Brockman and Turtle (2003) for corporate security valuation. The valuation formula for a European down-and-out call option assumes the options can only be exercised on the expiration date t = 1. The single period horizon also implies the bank regulation period is fixed Episcopos (2008) . The assumption of a fixed regulation period is followed in the deposit insurance literature (Merton 1977; Ronn and Verma 1986). 7 As pointed out by Jiang (2015) , Chinese shadow banking instruments mainly fall into two categories, WMPs and ELs. WMPs are investments that offer fixed rates of return well above regulated interest rates for deposits and are often used to fund investments in sectors where bank credit is restricted (Perry and Weltewitz 2015) . ELs simply imply loans extended between companies, which often use banks or similar financial institutions as an intermediary (Jiang 2015) . Our model focuses on these two shadow banking products.
to deposit liabilities, the WMPs are also a portion of total deposits. Investors want a higher return rate of R P of WMPs than R D (Lu et al. 2015) . Corporate deposit substitutes, usually invested via the inter-bank market, would need to be considered as well. However, the great bulk of the funding is still in the form of traditional bank deposits. Our model assumes D > M. Alternatively, the bank acts the trustee and helps collect the principal with interest (1 + R Q )Q from the borrower on the behalf of the trustor. The bank charges a commission premium of m > 0 per dollar of ELs (Lu et al. 2015) .
With all the assumptions in place, by applying Episcopos (2008) , the market value of equity can be assessed. Our framework for option pricing valuation is based on a path-dependent, barrier option model. Path dependence may exist because bank equity can be knocked out whenever a legally binding barrier is breached. A direct implication of this framework is that the market value of the bank's equity can be viewed as a down-and-out call (DOC) option on the market value of the bank's underlying assets. The market value of the bank's assets, denoted by V, is assumed to follow a geometric Brownian motion of the form:
where
and where V is identified as the repayment value from the bank's risky earning-asset portfolio, including repayments from loans, WMPs, and ELs, respectively, with an instantaneous drift µ, and an instantaneous volatility σ. A standard Wiener process is W where the value of V is assumed to follow a lognormal distribution. We denote by Z the book value of the debt at t = 0, that has maturity at t = 1. Specifically, this model defines the debt as net-obligation payments, including (i) payments to depositors net of repayments from the liquid-asset investment in regular-banking activities, (ii) payments to investors of the WMPs net of repayments from a portion of the products invested in the liquid-asset market in shadow-banking activities, and (iii) payments to the trustor net of the commission premium collected by the bank in shadow-banking activities. 9 Notice that although term (i) is subject to the balance sheet of (1), terms (ii) and (iii) is not. Z plays the role of the strike price of the DOC, since the market value of equity can be thought of as a DOC option on V when default can occur at any time before the maturity date.
The market value of equity, DOC, will then be given by the Merton (1973) formula for barrier options:
and where δ is the compounded risk-free spread rate, H is the value of the bank's assets that triggers bankruptcy (this is the barrier or knock-out value of the bank), and N(·) is the standard normal cumulative distribution function. For tractability, it is assumed that in the default event, no rebate 9
The administrative costs and the fixed costs are omitted for simplicity because adding this complexity affects none of the qualitative results. is paid to the bank's owners, and the default barrier level H is assumed to be proportional to the net-obligation payments Z by a constant barrier-to-debt ratio β. 10 The term SC in (3) is recognized as the expected bank value and present value of the debt payments using the standard call option view of the bank. The term DIC is a related path-dependent option of the down-and-in call that is activated only if the barrier is breached. It is seen easily that the DOC option is a wider class than the SC option because as H approaches zero in (3), the DIC vanishes, and we arrive at the usual Black and Scholes (1973) call option price that captures the bank's equity.
Bank Liabilities
As far as liabilities, the final payoffs of (3) indicate that the bank's liabilities can be priced as follows: 11
and where PUT denotes the price of the equity holders' put to default, that is, to walk away from their guaranteed commitments. The first two terms on the right-hand side of (4) represent the Black and Scholes (1973) value of debt. The first term is the discounted value of the net-obligation payments. The second term is the standard put option or the value of the fair insurance needed in order to make the net-obligation payments risk free. The third term represents the value of the down-and-in call. Debtors would cash in on this option if they were able to jointly seize the assets of the bank when the bank's assets V dropped to the barrier H. Next, by applying the option pricing framework (see Brockman and Turtle 2003) , the implied failure probability from the DOC option model of (3) can be assessed. The failure or default probability is the probability that the bank's assets will be less than the book value of its liabilities. The valuation (3) implies a risk-neutral failure probability over the interval from t ∈ [0, 1] that we can write as:
where:
This failure probability is used in the following subsection when the formula of the scope equities is developed in our model.
Scope Equities
Our model attempts to ascertain whether or not shadow banking extension is value-enhancing or value-destroying to the bank. Our approach exploits the consolidation across loans, WMPs, and/or ELs. Specifically, we apply Baumol et al. (1982) and define "scope equities", which demonstrate a primary phenomenon that identifies that the shadow banking extension of the bank can be broken up into several alternatives without any decrease in equity, perhaps even with some increment. In the model, we develop the following three measures of the magnitude of scope equities in the shadow banking extension valuation:
The term Y can be identified as the risk-adjusted equity value, i.e., the equity value deflated by the default probability of the bank's equity return. The terms Y M0 , Y 0Q , and Y MQ can be identified as the risk-adjusted equity values when the extension into WMPs or/and ELs is considered, and Y 00 is treated as the benchmark equity value when WMPs or ELs is not considered. Together, they lead to the following three scenarios: The bank conducts only WMPs and its magnitude of scope equities is SE M0 ; the bank conducts only ELs and its magnitude of scope equity is SE 0Q ; and the bank gets involved in both the shadow banking activities and its magnitude of scope equity is SE MQ . Equations (6)-(8) measure the relative increase in equity that would result from a splintering of the bank's risk-adjusted equity when M = 0 and Q = 0 into the risk-adjusted equities of the three alternatives. Such a fragmentation of the bank increases, decreases, or remains unchanged as the magnitude of scope equities is greater than, less than, or equal to zero, respectively.
Solving the Model
After a presentation of the model setting, we are now ready to solve the bank's optimal choice of R L . Partially differentiating (3) with respect to R L , the first-order condition is given by:
where we require that the second-order condition be satisfied, ∂ 2 DOC/∂R 2 L < 0. The term ∂SC/∂R L in (9) can be explained as the marginal equity value of loan rate in the standard call option valuation. The term ∂DIC/∂R L can be explained as the marginal debt value in the DIC option valuation. The optimal loan rate is determined where both the marginal values are equal.
Having examined the solution to the bank's optimization problem, we will derive the following three sets of comparative static results in order to discuss the issues mentioned in the Introduction. First, we consider the impact on optimal bank interest margin from changes in WMPs, ELs, the barrier, and the capital-to-deposits ratio. Implicit differentiation of (9) with respect to M, Q, β, and q yields:
Second, we consider the impact on the bank's liability evaluated at the optimal loan rate from changes in WMPs, ELs, the barrier, and the capital-to-deposits ratio. Differentiation of (4) with respect to M, Q, β, and q yields:
where P = M, Q, β, or q.
In (11), the first term on the right-hand side can be interpreted as the direct effect, while the second term can be interpreted as the indirect effect. The direct effect captures the change in the bank's liability value due to an increase in one parameter, holding the optimal loan rate constant. The indirect effect arises because an increase in the parameter changes the bank's liability value through the loan rate adjustment in every possible state. Third, we consider the impact on the magnitude of the bank's scope equities from changes in the barrier, and the capital-to-deposits ratio at various levels of WMPs and/or ELs. Differentiation of (6)-(8) with respect to β, and q yields:
It is recognized that the added complexity of the barrier option theory of corporate security valuation of a bank does not always lead to clear-cut results in (10)-(14). But we can speak of tendencies for reasonable numerical parameter levels corresponding roughly to a hypothetical bank. We argue that the formulas for the values of the equity claims, the liability, and the scope equities presented in the previous section are truly closed formulas that can be readily implemented once the relevant parameter levels are given. Toward that end, a numerical exercise is designed to analyze the comparative static estimates in the following section.
Numerical Analysis
In the numerical analysis, we first present the baseline parameter constellations for (3) and (5). Second, for each result, we discuss the procedure used to obtain it. Third, we demonstrate the key results and provide the intuition for each finding.
Parameter Basics
Unless otherwise indicated, a more tractable scenario assumes that the parameter levels are R = 4.0%, R M = 5.0%, R P = 3.5%, R Q = 5.0%, R D = 3.0%, K = 28, m = 0.2%, α = 0.3, and σ = 0.3. Let (R L (%), L) change from (5.1, 350) to (5.7, 329) based on the condition of ∂L/∂R L < 0; let M increase from 70 to 82; let Q increase from 70 to 82; let β increase from 0.65 to 0.90; and let q increase from 8.2% to 9.4%. The assumed numerical values are explained as follows:
(i) The conditions of R L > R, and R > R D indicate the scope for earning-asset portfolio substitution (Kashyap et al. 2002) , and the case of the binding capital constraint (Wong 1997) , respectively. Accordingly, we have the result of R L > R D , yielding a positive value of the bank interest margin recognized as a primary element of earnings (Saunders and Schumacher 2000) .
(ii) The condition of R M > R implies that WMPs are risky in that they are subject to non-performance. Further, Lu et al. (2015) point out that about 97% of WMPs have a maturity of less than one year. Accordingly, the condition of R L > R M is assumed in the numerical analysis. The condition of R P > R D demonstrates that WMPs attract investors who expect a higher return than is available on deposits at banks (Lu et al. 2015) . In addition, we assume α = 0.3 since banks cannot invest funds in non-standard assets that exceed 35% of the value of their outstanding WMPs (Lu et al. 2015) . (iii) The assumed condition of R Q > R explains that the amount of ELs is lent through the bank to the borrower at R Q as instructed by the trustor. ELs are risky in that they are subject to non-performance. (iv) The premium for the shadow banking entrusted lending service as well as its risk compensation is assumed to be m = 0.2% of ELs. (v) The specification of capital adequacy requirement is consistent with the Basel, which is set by the capital-to-deposits ratio q = K/D = 28/D = 8.2%. In this case, a capital-to-asset ratio at t = 0 is K/L = 28/350 = 8.0%, which meets the requirement (VanHoose 2007). (vi) We assume σ = 0.3 due to the empirical findings of Brockman and Turtle (2003) : the mean value of asset volatility is 0.2904 with a corresponding standard deviation of 0.2608 in the descriptive sample statistics for firms. (vii) We assume β = 0.65 in the numerical analysis according to Brockman and Turtle (2003) : the mean value of barrier is 0.6920 with a corresponding standard deviation of 0.2259 in the pooled sample statistics for firms.
In the following, we consider the effects on the optimal loan rate (and thus the optimal bank interest margin), bank liabilities, and scope equities from changes in the parameters of the model.
Impacts on Bank Interest Margin
As mentioned previously, (3) is a contingent claim model for the valuation of the bank's equity where default can occur at any time before the maturity date. A simulation exercise shown in Table 1 demonstrates that market-based estimates of bank equity evaluated at the optimal bank interest margin which ignore the premature default lead to overestimation. This is because the computed DIC values observed from Table 1 are consistently positive in sign. This result is consistent with the empirical findings of Episcopos (2008) . Moreover, we observe that the value of the bank's equity (the term SC in (3)), represented by a European call in the standard contingent model, is split between the equity value of DOC (shown in the first panel of Table 1 ) and the FDIC's contingent asset of DIC value (shown in the second panel).
We further consider the impact on the bank's interest margin from changes in the WMPs based on (10) where P = M. The finding is shown in the last panel of Table 1 that an increase in the amount of WMPs decreases the bank's interest margin. Intuitively, as the bank decides to increase its WMPs, it must now provide a return to a larger fund base. One way the bank may attempt to augment its total returns is by shifting its investments to its loans and away from the liquid-asset markets. If loan demand is relatively rate-elastic, a larger loan portfolio is possible at a reduced margin. In explanation of deteriorating bank interest margins, we show a strong focus on shadow banking activities. Shadow banking activities as such make the bank more prone to loan risk-taking, thereby adversely affecting banking stability. We provide a possible explanation for the argument of Adrian and Ashcraft (2012) : the shadow banking system collapsed during the financial crisis of 2007-2009. It is interesting to consider the impact on bank interest margin from changes in the ELs based on (10) where P = Q. The finding in Table 2 shows that an increase in the amount of ELs decreases the bank's interest margin. The same interpretation as previously discussed applies. Basically, increases in shadow banking entrusted loan activities encourage the bank to shift investments to its loan portfolio from other earning assets such as bonds. In an imperfect loan market, the bank must reduce its margin in order to increase the amount of risky loans. Parameter values, unless stated otherwise, R = 4.0%, R M = 5.0%, R P = 3.5%, R Q = 5.0%, R D = 3.0%, K = 28, m = 0.2%, α = 0.3, σ = 0.3, Q = 70, q = 8.2%, and β = 0.65. We obtain the computed results of ∂ 2 DOC/∂R 2 L < 0, which confirms the second-order condition of (9). The values in the shaded areas are computed based on an approximate optimal loan rate of 5.2% with the equilibrium condition of (9). 
, and β = 0.65. We obtain the computed results of ∂ 2 DOC/∂R 2 L < 0, which confirms the second-order condition of (9). The values in the shaded areas are computed based on an approximate optimal loan rate of 5.2% with the equilibrium condition of (9).
An interesting result observed from Table 3 is that, as the barrier is raised, the bank's interest margin is increased. Since the bank is forced to increase the barrier, it must now provide a return to a higher DIC value (and thus a lower DOC value) base. One way the bank may attempt to augment its total equity is by shifting its investments from its loan portfolio to the liquid-asset markets at an increased margin. A barrier as such makes the bank more prudent and less prone to loan risk-taking. Episcopos (2008) concludes that raising the barrier induces a wealth transfer from bank shareholders to the FDIC, implying better protection of the deposit insurance fund. In addition, the very existence of the barrier tends to reduce shareholder incentive to take more risk. We restate our result above that an increase in the insurance fund protection by the FIDC makes the bank more prudent to loan risk-taking at an increased margin. Our finding is largely supported by Episcopos (2008) . 
, and q = 8.2%. We obtain the computed results of ∂ 2 DOC/∂R 2 L < 0, which confirms the second-order condition of (9). The values in the shaded areas are computed based on an approximate optimal loan rate of 5.2% with the equilibrium condition of (9).
We also consider the impact on the bank's interest margin from changes in the capital-to-deposits ratio based on (10) where P = q. The result is concluded in Table 4 that an increase in the capital-to-deposits ratio decreases the bank's interest margin. The intuition is very straightforward. When the bank is forced to increase its capital relative to its deposits, it must now provide a return to a larger equity capital base. A possible way for the bank to augment its total returns is by shifting its investments from the liquid assets to the loan portfolio at a reduced margin. Our result is at large consistent with the empirical finding that low interest rate levels increase bank risk-taking substantially. 12 Table 4 . Responsiveness of bank interest margin to capital-to-deposits ratio 1 . Parameter values, unless stated otherwise, R = 4.0%, R M = 5.0%, R P = 3.5%, R Q = 5.0%, R D = 3.0%, K = 28, m = 0.2%, α = 0.3, σ = 0.3, M = 70, Q = 70, and β = 0.65. We obtain the computed results of ∂ 2 DOC/∂R 2 L < 0, which confirms the second-order condition of (9). The values in the shaded areas are computed based on an approximate optimal loan rate of 5.2% with the equilibrium condition of (9).
(R L
12 Van Riet (2017) offers a review of the effects of ultra-low interest rates in the euro area. The author points out that the ECB and the European micro-and macro-prudential authorities remained watchful of the unintended side-effects of an extended period of very low or negative interest rates for financial intermediation, financial stability and market discipline, and took preventive or corrective measures as appropriate.
Impacts on Bank Liabilities
The following analyses demonstrate the comparative static results of the bank's liabilities with respect to WMPs, ELs, β and q based on (11).
First, the computed results presented in Table 5 state that an increase in WMPs increases the liabilities of the bank. The direct effect captures the change in the bank's liabilities due to an increase in the WMPs, holding the optimal loan rate constant. It is unambiguously positive because an increase in the WMPs increases the bank's liabilities. This is because WMPs are usually purchased by relatively wealthy investors as substitutes for bank deposits, with the benefit of higher yields than banks are allowed to offer on formal deposits (Elliott et al. 2015) . The indirect effect arises because (i) an increase in the WMPs decreases the optimal loan rate as mentioned previously, and (ii) further an increase in the amount of loans at a reduced loan rate increases the bank's liabilities since increased assets are funded. Overall, the involvement of the WMPs brings higher liabilities for the bank. As the WMPs increase, liabilities behave more like equity and equity converges to zero. Given current regulation statutes, it is safe to say that the value of liabilities, Lia, is in the hands of the FDIC treated as a receiver. It is reasonable to argue that an increase in the WMPs held by the bank results in increasing the bank's liabilities since the WMPs are largely unregulated, hence deteriorating banking stability. 
, and β = 0.65. Both the direct effect ∂Lia/∂Q and the indirect effect (∂Lia/∂R L )(∂R L /∂Q) are consistently positive in sign. The values in the shaded areas are computed based on an approximate optimal loan rate of 5.2% with the equilibrium condition of (9).
The result observed from Table 7 is illustrated as follows. An increase in the barrier results in increasing the liabilities of the bank. An interesting result, as mentioned previously, is that, as the barrier is raised, the value of the SC equity is not affected although the value of the DOC equity is reduced, while the FDIC's contingent asset value is increased by the same amount. Thus, raising the barrier induces a transfer of wealth from shareholders to the FDIC, implying better protection of the insurance fund (i.e., increasing the bank's liabilities in our model). 
, and q = 8.2%. The direct effect ∂Lia/∂β is consistently positive in sign, while the indirect effect (∂Lia/∂R L )(∂R L /∂β) is consistently negative in sign. The indirect effect is insufficient to offset the direct effect. The values in the shaded areas are computed based on an approximate optimal loan rate of 5.2% with the equilibrium condition of (9). Table 8 demonstrates that the capital-to-deposits ratio enhances the bank's liabilities. Intuitively, as the bank is forced to increase its capital relative to its deposit level, it must now provide a return to a larger equity base (and hence a higher level of liabilities). This is captured by the direct effect. Furthermore, one way the bank may attempt to augment its total returns is by shifting its investments to its loans and away from the liquid-asset market at a reduced interest margin. This is captured by the indirect effect since ∂Lia/∂R L < 0 and ∂R L /∂q < 0. The positive direct effect is reinforced by the indirect effect, yielding that an increase in the capital-to-deposits ratio increases the bank's liabilities. This paper suggests that capital deregulation should be conducted by the government in order to decrease the bank's liabilities, and hence to increase the bank's survival probability, which is consistent with the findings of Repullo (2004) . 
, and β = 0.65. Both the direct effect ∂Lia/∂q and the indirect effect (∂Lia/∂R L )(∂R L /∂q) are consistently positive in sign. The values in the shaded areas are computed based on an approximate optimal loan rate of 5.2% with the equilibrium condition of (9).
Impacts on Bank Scope Equities
It is necessary to elaborate on the issue of scope equities. Here, consider the impacts on the bank's scope equities based on (12)- (14) where P = β. Based on the local solutions evaluated at their own optimal loan rate, which is observed from the upper panel in Table 9 , we obtain the inequality of 0 < SE M0 < SE 0Q < SE MQ at various levels of the barrier. The inequality demonstrates that the scope equities are larger when the bank gets involved in multiple shadow banking activities than when the bank gets involved in a single shadow banking activity. Accordingly, we show that the multiple shadow banking diversification of bank loan portfolio is equity value-enhancing to the bank. Further, the comparative static results observed from the lower panel of Table 9 indicate that an increase in the barrier decreases, significantly in the case of multiple shadow banking activities, the scope equity of the bank. Raising the barrier induces a transfer of wealth from shareholders to the FDIC, implying better protection of the insurance fund, and hence leading to a decrease of the bank's scope equities from the multiple shadow banking diversification. 1 Parameter values, unless stated otherwise, R = 4.0%, R M = 5.0%, R P = 3.5%, R Q = 5.0%, R D = 3.0%, K = 28, m = 0.2%, α = 0.3, σ = 0.3, and q = 8.2%. All values are computed based on an approximate optimal loan rate of 5.2%.
We also consider the impact on the bank's scope equities based on (12)- (14) where P = q. The inequality of 0 < SE M0 < SE 0Q < SE MQ at various levels of the capital-to-deposits ratio is concluded from the observations of the upper panel in Table 10 . The result demonstrates that multiple shadow banking diversification may lead to superior return performance for the bank. In addition, we observe the lower panel of Table 10 and show that an increase in the capital-to-deposits ratio consistently increases the bank's scope equities at various levels of WMPs and ELs. In addition, we show that the positive impact on the bank's scope equities from increases in the capital-to-deposits ratio is larger when both WMPs and ELs shadow banking diversification are conducted by the bank than when either WMPs or ELs shadow banking diversification is conducted. Overall, our results are supported by Plantin (2015) : tightening capital requirements may spur a surge in shadow banking activities. 
Conclusions
Guided by the existing theories, this paper theoretically addresses the impacts of shadow banking WMPs and ELs, the barrier-to-debt ratio, and the capital-to-deposits ratio on the optimal bank interest margin, liabilities, and scope equities of the bank. Our four main results are as follows: First, the shadow banking activities of WMPs and ELs and the regulatory capital-to-deposits ratio may be employed to explain the decline in bank interest margins. We find that an increase in WMPs, ELs or regulatory capital-to-deposits ratio significantly decreases the bank's optimal interest margin. Second, WMPs, ELs, barrier, and capital-to-deposits ratio help to enhance the protection of the bank's debtholders. When WMPs, ELs or barrier increases, a wealth transfer from equity holders leads to an increase in liabilities of the bank. An increased capital-to-deposits ratio also enhances the bank's liabilities because the bank must provide a return to a larger equity base and hence a higher level of liabilities. Third, the multiple shadow banking diversification of bank asset portfolio may produce superior return performance but less safety for the bank. The numerical analyses show that the scope equities are larger when the bank gets involved in multiple shadow banking activities than when the bank gets involved in a single shadow banking activity. The multiple shadow banking diversification of bank loan portfolio is equity value-enhancing to the bank. Fourth, tightening capital requirements may spur a surge in shadow banking activities. The positive impact on the bank's scope equities from increases in the capital-to-deposits ratio is larger when both WMPs and ELs shadow banking diversification are conducted by the bank than when either WMPs or ELs shadow banking diversification is conducted. The presence of multiple shadow banking activities attenuates the effects of capital regulation on banking stability.
Overall, in the face of the costs that the 2008 banking crisis created for the global economy, a world trend towards imposing heightened capital requirements on traditional banks has emerged. Heightened capital regulation triggers more regulatory arbitrage, thereby inducing a large migration of traditional banking activities toward shadow banking activities. Moreover, the higher solvency of the traditional banking system may then be more than offset by such growth in shadow banking activities. Our results are largely supported by Gorton and Metrick (2010) ; Adrian and Ashcraft (2012) and Plantin (2015) .
Some natural paths for future research emerge. Already mentioned is the fact that macroeconomic factors such as implicit and explicit bank taxation, legal and institutional variables, and business cycle, also affect bank interest margins. This raises the problem of how to avoid insufficient treatment of different barriers, such as structural barrier and Parisian barrier. The model presented here could be extended to include more than one homogeneous class of a constant barrier. With a government as the lender of last resort, we question whether there is little incentive for the bank to pursue sophisticated risk management strategies. We have confirmed the effects of the interaction between shadow banking activities and government intervention on bank performance by constructing a barrier option framework. Introducing different treatments of barrier into the corporate security valuation framework will enrich the answer to the question. This could guide banks to more correct liquidity and risk management based on market value considerations. It would also be straightforward to incorporate leverage risk in shadow banking activities into the model along the line of Plantin (2015) .
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